Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 
Docket NO.: TTC-005XX 
REPLACEMENT SHEET 



1/23 




a> 



(3 









Ultrasound 
transducer 

ciwowi i iK/i y 
11 







Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 
Docket No. : TTC-005XX 
REPLACEMENT SHEET 



2/23 



c 

5§ 8 

Q 0£ "5 
o o 
J- h- Q 




CD 

o 

CD 



CO 

( 


CD 
CO 


oprocessor 




y 


Custom or 
FireWire 
Chipset 






Core 
Memory 




Micr 













CO 



oo 



|CM 

VI 



oo 



i 



CM 



E> c/> 





o 




LI- 




LI- 



CM 



Q 

2? 



oo 

CM 



<M 
CM 



CD 
> 

CD 

o 

CD 

E° 

C/> 

c 

CO 



CD 



C 

o 
O 

E 

CO 



CO/ 
CM 



CM 
CO 



V 



o 
E 

<D 



CD 

E 

a 

E 

CO 
CD 
00 



E o 

So 



o 

CO 



C/> 
JD 

-Q 
CO 
O 



00 

CD 



CD 



Transducer 
Array 








Image 
Target 


► 


< 







CM 



Title: WALL MOTION ANALYZER \ 
Inventor Name : HE ET AL . 
Appl. No. 10/817,316 

Docket No. : TTC-005XX | 
REPLACEMENT SHEET [ 



3/23 



O) 

c 

□ o; 5 
. o o <y 



o 

CD 




o 
(/) 
c/> 

CD 

O 

O 
k— 

CL 

O 



o 

CD 
> 

o 
O 



o 

CD 
> 

o 



CI) i— __ 

.E - o CD 
(/) o)Cj o 

C/> C — o 
^ — 03 >- 



CD 



'it 

o o 



o 2 o- 

-ir E CD 03 
s °-— Q. C 

§i 15 1? 

c\i co^r O O iri 




<D 

- o 

CD 



CO 



o 

CO 



13 CD 

-a {5 

CCD 
03 



Transducer 
Array 








Image 
Target 


► 


^ 







CNJ 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . . 
Appl. No. 10/817,316 ! 
Docket No.: TTC-005XX 
REPLACEMENT SHEET 

} 




uj o 



St o 
uj ^ 

<C CO 




o 




o 

O F= 

LLJ O 

c£ o 

CD CO 
<C CO 
2> LU 

— o 

3 



o 

LU O 



C9 co 
<C CO 
S LU 

— o 





0 00 



□□□□□□□□□□ 
□□□□□□□□□□ 
nnnnnnnnnn 

□LpDDoaaa 
□□□□□□□□□□ 
□□□□□□□□□a 
□□□□□□□□□a 



5? 



^3 

0 00 



□□□□□□□□□a 
□□□□□□□□□a 

nnnnnnnnnn 

□Lbooaaaa 
□□□□□□□□□a 
□□□□□□□□□a 
□□□□□□□□□a 



CM 



CO 

co 



O 

"or 




) 

Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . 
Appl. No. 10/817,316 
Docket NO. : TTC-005XX 
REPLACEMENT SHEET 



5/23 




Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 
Docket No.: TTC-005XX 
REPLACEMENT SHEET 

) 

co 6/23 



o 




CM 
O 




Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . 
Appl. No. 10/817,316 
Docket No. : TTC-005XX 
REPLACEMENT SHEET 



7/23 



Apical Four-Chamber Duplex or Triplex Tissue Doppler Imaging 



Interventricular Septal View 



Average 



Displacement 




Free Wall View 

Multi-gates 
Average 




Septal (dashed line) and lateral (solid line) wall motion 



FIG. 5 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . 
Appl. No. 10/817,316 
Docket No.: TTC-005XX 
REPLACEMENT SHEET 



8/23 




FIG. 6 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . 
Appl. No. 10/817,316 
Docket NO.: TTC-005XX 
REPLACEMENT SHEET 



9/23 



PROVIDING REFERENCE IMAGE 



IDENTIFYING IMAGING PLANE 



130 



132 



USING REFERENCE IMAGE 



j FOR IDENTIFYING ENDOCARDIAL BORDERS j 



j/134 



T 



PROVIDING REFERENCE TEMPLATE FOR IDENTIFYING 
SEPTAL AND LATERAL FREE WALL 



136 



PERFORMING STANDARD TISSUE DOPPLER IMAGING 
HAVING ±30 cm/sec PRE-SET VELOCITY SCALE 



138 



PROVIDING DESIRED DUPLEX / TRIPLEX IMAGE 



140 



USING B-MODE 

TO GUIDE 
RANGE GATE 



v 142 
USING"" 

B-MODE 

OR TDI TO GUIDE 

RANGE 

.GATE?. 



146 



USING TISSUE 
DOPPLER IMAGE 
TO GUIDE 
RANGE GATE 



J 



148 



USING DUPLEX OR TRIPLEX MODE WITH PULSED-WAVE 
SPECTRAL DOPPLER TO MEASURE SEPTAL WALL MEAN VELOCITY 



150 



USING DUPLEX OR TRIPLEX MODE USING 2 nd PULSED WAVE 
SPECTRAL DOPPLER LINE-OF-SIGHT TO MEASURE MEAN 
VELOCITY OF LEFT VENTRICULAR FREE WALL 



152 



INTEGRATING MEAN VELOCITY TO DISPLAY INWARD AND 
OUTWARD DISPLACEMENT OF SEPTAL AND LATERAL FREE WALL 



FIG. 7 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 
Docket NO. : TTC-005XX 
REPLACEMENT SHEET 

_ _._ _ J 

10/23 




FIG. 8 



1 

Title: WALL MOTION ANALYZER j 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 j 
Docket No.: TTC-005XX i 
REPLACEMENT SHEET | 



11/23 




FIG. 9 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . 
Appl. No. 10/817,316 
Docket No. : TTC-005XX 
REPLACEMENT SHEET 



12/23 




FIG. 10 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . 
Appl. No. 10/817,316 
Docket No. : TTC-005XX 
REPLACEMENT SHEET 

J 

13/23 




FIG. 11A 



Title: WALL MOTION ANALYZER 
Inventor Name : HE ET AL . 
Appl. NO. 10/817,316 
Docket NO. : TTC-005XX 
REPLACEMENT SHEET 



14/23 




FIG. 11B 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 
Docket NO.: TTC-005XX 
REPLACEMENT SHEET 



15/23 




FIG. 12 



Title: WALL MOTION ANALYZER 
Inventor Name : HE ET AL . 
Appl. No. 10/817,316 
Docket No. : TTC-0 05XX 
REPLACEMENT SHEET 

- . J 

16/23 




FIG. 13A 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL . 
Appl. NO. 10/817,316 
Docket No.: TTC-005XX 
REPLACEMENT SHEET 



17/23 




FIG. 13B 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl- No. 10/817,316 
Docket No. : TTC-00 5XX 
REPLACEMENT SHEET 



18/23 




FIG. 14 



Displacement 



<t>is=-70P 




Septal (dashed line) and lateral (solid line) wall motion 



FIG. 15 



Title: WALL MOTION ANALYZER 
Inventor Name : HE ET AL , 
Appl. NO. 10/817,316 
Docket No. : TTC-005XX 
REPLACEMENT SHEET 



19/23 



160 



INITIALIZING PHASE ANALYSIS AND MOTION TRACKING APPLICATION 



RECEIVING INITIAL B-MODE IMAGE FRAME 



162 



-166 



SEGMENTING INITIAL FRAME INTO MULTI-PIXEL BLOCKS 



RECEIVING ANCHOR POINTS FROM USER INPUT DEVICE 



168 



USING ANCHOR POINTS IN DEFINING SEARCH 
AREA CONSISTING OF MULTI-PIXEL BLOCKS 



170 



COMPARING INITIAL BLOCKS WITHIN SEARCH 
AREA TO BLOCKS IN A SUBSEQUENT FRAME 



172 



174 



DETERMINING BEST MATCHED DISPLACEMENT 
VECTOR FOR EACH BLOCK 



GENERATING NEW IMAGE ENHANCED FRAME 
TO DETECT ENDOCARDIAL BOUNDRY 



176 



LOADING THRESHOLDING ALGORITHM 



-178 



USING SUM OF INTENSITY OF EACH BLOCK WITH 
THRESHOLD TO DEFINE IMAGE BOUNDRY 



180 



182 



DIVIDING BORDER INTO A PLURALITY OF SEGMENTS WITH 
EACH SEGMENT DEFINING A RECTANGULAR BLOCK 



184 



USING MOTION COMPENSATED BLOCK MATCHING OF REMAINING 
FRAMES OF IMAGE SEQUENCE TO TRACK MOVEMENT OF EACH 
BLOCK FOR GENERATING A SEQUENCE OF CONTOURS 



DERIVING DISPLACEMENT OF SUB-BLOCK AS A FUNCTION OF TIME 



FIG. 16 



186 



Title: WALL MOTION ANALYZER 
Inventor Name : HE ET AL . 
Appl. No. 10/817,316 
Docket No.: TTC-005XX 
REPLACEMENT SHEET 



20/23 



Title: WALL MOTION ANALYZER ! 

Inventor Name: HE ET AL. 

Appl. No. 10/817,316 ! 

Docket NO. : TTC-00 5XX 

REPLACEMENT SHEET 



21/23 



200 




204 




/ 206 

Search 
Region 



Initial Frame 



Search Frame 



FIG. 18 



Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 
Docket NO. : TTC-005XX 
REPLACEMENT SHEET 



22/23 




Title: WALL MOTION ANALYZER 
Inventor Name: HE ET AL. 
Appl. No. 10/817,316 
Docket No. : TTC-0 05XX 
REPLACEMENT SHEET 



23/23 



JS (D 

3 J* 

O OJ 

S E 

CD O 

> W 

CM 

m 



o 

LO 



CD 

Ti- 



ro £ 

O (0 c 

-b £ 

C (D 1- 

(1! O O) 

> n ro 2 

GO Q- 



oo 




CD 



CO 



o 

CM 

CD 



% E> 2 

« £ S g 



co 



ansducer 
Array 




Image 
Target 


h- 







